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® Apperatue for machining Intricate feature cuts in 

© Tubular (22) parts are dofivered to a rotary posi- 
tioner (46). or preferably in successive pmn to sepa- 
rate rotary positioners, where (hey are he*) tor laser 
machining: in the preferred arrangement the pairs of 
parts ar e rrujcfsn od in p a ra l l el by twin laser cutting 
beams directed thereat by a commonly mounted 
pair of focussing heeds (43). The rotary positioners 
(46) are commonly rotassd through a programmed 
series of angular motions in conjunction with a pn> 
grammed series of joint X and Y axes Hnear motions 
foajSin 9 "Bads to scan the cutting beam over 
^the surfaces of the parts and thus machine identical 
0> feature cuts in the sidewaU of each part Machining 
09 is performed under an inert gaa atmosphere, and 
^cuttings are vacuumed from the machining sites 
£| through apertured mandrsia (86) inserted into the 
£part bores. 
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© Apparwu. fo, m**,*^ l«trtc«, cut, in thin w.tad 

fow (46). or or.for.tty in succm*. omtoSZ 
rotary 0O«tior»r,. wnw. tf»y ar. h*d fc, ^» 

* "WOon. in conviction «« . pn> 

J?*" 1 " 01 Wnt X M Y m. Uwar motion, 
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APPARATUS FOR MACHINING INTRICATE FEATURE CUTS IN THIN wau cn „ 

e a in THIN WAUSD TUBULAR PARTS 



Nuclear power reaetors are a well know* 
source of energy. In one tvn. fl /«,,.,t. 
n .,^i... *. of nuclear reactor m 

of sealed ciadd.ng tubes of suitable material. ,uch 
" * ^" n,um «*■ containing uranium 0 x,de 

contain* „ „ oow ^, dM ho^,^,, ° 

form a removable fuel a^bly™*^ 

cylinder, to form me nuclear reactor cere capable 
of self-sustaining , r,.^ ^ ^rH 

tojT^ * coolant and as a neutron moders* 

Ai typical ^ bundle „ formed by an arrsy of 
w«ced fuel ro« supported between uppeTand 

of ten (tat m ^ngtft. o„ ^ order of onWIr*! 
^me» ^ from on. 
^on of „ To provide prc^S*^ 

Oe*gn ccnaderatforts of *ueh fuel rod bundle 
soscwt .ndude me following: refers* «2! 

of hiel red vfcrtaon: ease of fuel bundle taee^cX- 
™T£" of cornet are.. betwe«, a£T2S 

specer under normal and abnormal (auch as seia- 
«e» loadc. rrtnwirton of r^^!^ 

^MeSSU^ 

ZuTL * •> ««y of contained tubular 

jnoi Men ferrule bore thue prov*^ . p«£oe 
**y t *** « *•» rod or od^Sng,!^!; 

"•Wed together and to me peripheral support band 

o^ir. ' °' ** m# * ""A » formT. 

m.»d to r Wuc , coolant flow resistance and para- 



s'«c neutron absorotion. Neutron absomto™ - . 
*« f Creased by forming *™rJTS ,Uf - 
erai support band of ^L r^ 

section material. «»sorpiion cross 

5 to- 1** r0d ' * """em* extending throuoh th 
'erruies are centered and laterally sucporS 1 . 
^jjn ngid proiedon, « rJSSl?? 

'o tecabons near me upper and lower ferZ Vot » 

•nnance fuel rod support The slope are also an* 

m^J*! m * 1 » mrt ' n » Prelected area and* 
tfxu distureance of coolant flow. 

«^«c« toop jpnng, of generlly 1.10^ 

'^^.^•^ cwout, in me well, of a pS 

imp ^ borM of i tt feS 

" cJl!^^ ^ctor core may ,p. 

o^onmeorderofaOOfuelrod bundles, each 
»*• mtny u seven ^^Sr,,, 8 *,; 

^^.P" 5 '*^ « involve assemoiy of 
"«ny piece pant to manufacture a nuclear fuel rod 

^•^^^P^.^^tx.nipieM 
'•"u'w to be udlbed in nuclear fuel bundle spec- 
«* on en automated producdon line basis wnorein 
2^oer» nwjy be automefcairy delivered, pe*. 

« Other obieet* of me imentton wM in pert be 
obvious and m part appear herejnafler. 

in accordance «nm an aspect of me invention 
there <s provided automated apparatus for creating' 
■ntncate feature cuts in me mm sidewail of a sue- 
<s cesaon of tubular pant. The parts, nuciear fuel roc 
spacer ferrulee in me .Musiraad embodiment of m 
invention, are delivered in succession to a ore- 
determined machining position where eecn ferrule 
'» grasp by a rotary positioner capable of rotating a 
« '•rrule about its axis. A machining instrumentality 
specifically a laser, is mounted with <ts focussing 
lead positioned to direct a cutting beam at me side 
wall of each ferrule in its machining position. Th 8 
relationship of the ferrule and laser beam, as 
ss me angular orientation of me ferrule aoout <ts 



£P 0 372 739 A2 



axis, are jointly vaned m multiple programmed se- 
nes of mod ns to cause the laser beam to scan me 
ferrule surface and thus machine me prescribed 
feature through-cuts in its stdewaii. 

in a particular embodiment of the present in- 5 
vention. an apertured mandrel, connected to an 
vacuum source, is inserted into the ferrule bore to 
exhaust ail metal cuttings created during the ma- 
chining operation. 

Preferaoiy. the 'aser source generates twin cut* to 
ting beams which are respectively directed by sep- 
arate focussing heads at a pair of ferrules which 
are feed along parallel delivery paths to spaced 
machining positions where they are grasp by sepa- 
rate rotary positioners. Thus, the laser cutting ooer* r$ 
ations on each pair of ferrules can be conveniently 
performed on a synchronized, parallel basis to ef- 
fectively double the output of the apparatus. 

For a full understanding of the nature and ob- 
jects of the present invention, reference may be 20 
had to the following description taken in conjunc- 
tion with the accompanying drawings, in which: 

FlGUflC 1 is an etevanonai view, partially 
broken away, of a nuciar fuei bundle; 

FIGURE 2 is a plan view of one of the a 
spacers utilized in the fuel bundle of FK3URS f and 
incorporating a multiplicity of fuei ro*pc*tSontng 
ferrules; 

FIGURE 3 is a side view, paroatfy broken 
away, of the soacer of FIGURE Z « 

FIGURE 4 is an enlarged side view, partatfy 
broken away of one of the ferrules seen in FIG- 
URES 2 and 3 to illustrate the requisite feature cuts 
created in its sidewail; 

FIGURE 5 is a frontal perspective view of a a 
laser machining apparatus constructed in accor- 
dance win the present invention; 

FIGURE 6 is a pian view in dlagramatic form 
of the laser machining apparatus of FK3URS 5; 

FIGURE 7 is a fr agm e n tary front view in <o 
diagramatic form of the laser machining apparatus 
of FIGURE S .Hustrsbng the parattel delivery of 
parts for synchronized cutting or successive pairs 
of parts: 

FIGURE 8 ft a fragmentary side view in « 
diagramatte tan of the laser machining apparatus 
of FIGURE S illustrating the operations of the metal 
cuttings exhaust and part positioning mechanism. 

Corresponding reference numerals refer to like 
parts throughout the several views of the drawings. so 

The automated apparatus of the present inven- 
tion, generally indicated at 20 in FIGURE S. >s 
disclosed in its embodiment cevoted to machining 
a multiplicity of feature cuts in the thin sidewaiis of 
tubular ferrules 22 utilized in a spacer, generally 35 
indicated at 2* in FIGURES 1 through 3. These 
spacers are utilized to precisely maintain the rela- 
tive positions of a plurality of nuctear fuel rods m a 



fuel ouncie. as discfosed m U.S. Patent n 0 
4.508.679 and as generally .ndicated at 23 in c: Q ' m 
URE 1 h^n. Thus, each ferrule bore provides a 
passage or celt through which an individual fuel rod 
26 is inserted. The ferrui array is surrounded cy a 
penmethcal band 28. to which the ferrules in the 
outermost rows and columns are conjoined at con- 
tiguous upper and lower edge points by suitable 
means, such as welds indicated at 29. Contiguous 
edges of adjacent ferrules are also con,oined by 
wekss. indicated at 31. to create a rigid spacer 
assembly. Welding apparatus for this purpose <s 
disclosed and claimed in our co-fried European 
Application No. based on US application Senai 
No. 279.010 filed on 2 Oecemoer 1988 and entitled 
•System for Automated Welding of Parts Assemoiy 
in Controlled Environment*. 

To position each fuei rod within a ferrule bore, 
the ftdewail of each ferrule 22 is formed at eacn 
end with a pair of angularly spaced, inwardly pro- 
jecting dimples or stops 30 of a precision stoo 
height Suitable stop forming apparatus is dis- 
closed and claimed in our co-filed European Ap- 
plication No. based on US application Senai 
No. 279.008 filed on 2 Oecemberi988 and entitled 
"Automated Forming Apparatus*. Assembled wtth 
eech differ em pair of ferrules is a double-acting, 
continuous loop spring 32 which serves to bias the 
fuef rods against the stops of the associated ferrule 
pair. Thus, the fuei rods are precisely centered 
wrthin each ferrule bore. Automated apparatus for 
checking the stop height dimension is disclosed m 
our co-filed European Application No. based on 
US application Serial No. 279008 filed 2 Oecemoer 
1988 and entitled "Automated Gauging Apparatus" 
To acc om modate the assembly of spring 32 to 
each ferrule pay, a C-shaped cutout 34 is cut mto 
the sidewail of each ferrule, as seen in FIGURE * 
to provide a longitudinally elongated opening 34a 
and a brcumferentiairy projecting tab 34b Hanked 
by circumferential extending notches 34c. in ad- 
dition, circumferential slits 31 are cut into the 'or- 
rule sidewail to facilitate the formation of stops 30. 
and a notch 33 is cut into one edge of the ferruie 
to reference the relative angular positions of me 
slits and cutout initially, two ferrules are juxtaposed 
in paired side-by-side relation with their cutout 
opening 34a in aligned, confronting relation, a 
spring 32 is centered in the aligned openings, arc 
the ferrules are then rotated in opposite directors 
Tabs 34b are thus swung in opposite directions :o 
enter the open interior of spring 32. wmcn :ren 
becomes captured in the cooperating notches 3-*c 
of the ferruie.oajr. all as described in me iccve- 
cited patent No. 4,508.679. Automated 3coarar.s 
for assemoiing a ferrule pair with captive sonrg < 
disclosed and claimed in our co-filed S-jrccear 
Application No. Cased on US application Se' a. 
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S- 279006 Appara- 
31 iSd r.f2^ ~ . C - Jh *^ CU»ut 34. tuts 

mounted by a jueoort nL. IT c * nm «"y 

rzrr^r' * £^ 55 

P» ""gars. As best tm in FK3URC T W 8?I 

7 1 * iMvmg amp* o-w-JTJL! 
<o macttn. me C^h^^TT^n 

^" °y ■ "wtor S3, u fr a cas »*, - _ 
sucn aa m inm . _ °y «nows S3, 

as to rotate a gripped ferrule about its axta 

°'*» 44 '• mounted for Orwar fiMuemLri. 
m«or 96 along M X «* t£!L£Z71*^ 
of a pair of ferulae naM in 

VsEr^^^JKE^S- 

<* «upPoit (Matt tranaiaano m^JTL « 

*"«»•«• 0«n«tj Sec**: Ca^TJSJ^ ) ' 
ferrule tidcwsj "TliZT 8 49 ■» 

ler^fntT * F ^ RES 9 « * >™~ cut to 
wgtn worn tesmais tubular mv* «-T^ ', 

cloaed in us PtJTi^Ji^jrtL M 

-I _ *• *ccumuiai»d m a vibratory bowl totter 
60. Prom this Itadar tam^ ,r~ y oow ' r# * 0 * f 

wn °" ^ tnds communieat. 
'or rwpaciv. V 



oors to Mrminattons just jhort of tha orioo-, * 
a P«ir of rooa 70 m raspachy. 2E. C-m " 

v.. common ptung* 79. ^p^,*' 
*catad by anew 69. mo „,adar 
'"to tuba. 66 to RrstJy control me d^l 

<W 'rem no. magaWg?*"? ° ' 
*"» 66 and aaeonoy to pus7 ( ft-TT > , Meft 

79- by • P* of air cyHndor, 80 and 83 ! 
common piungs, ^ 84. This hi^Sla? ' 
P» of mandraia 88 in poaittena aB«L^? / 

J^'J*' *««ng« M. « bsst sasn in 

» coordinaisd to raciprocat* h*M> t»\T !- 

» — machining poatdp,* tS^?,^?^ 

^««*» • *nort olatanea. to its ptujmem «n. aeT 

HTlfl?*" ^ *• m ««««*g cparattona 
"«»*• opamngs 80 in positions to 

»W «• opsnad. Upon advwewnant by roda 

LS^^T^'- *« ^ "« of ram,,* 

* »o*» »«t position in F, QU S6 
8 » praoaaty loeato Vmj fanuiaa tnaraat 

0y (Mllows 90 «nicft aeeommodata tha x and r 
axes movements tnareof. in addMon. 0P 0c»J S9 n- 

Skin-A-Mattc (^rporaflon of Bbridge. New Yen. 
are positioned to monitor me machining operation, 
and confirm mat the varioue feature cuts are 
deed being cameo througfi to completion, m a0 c ■ 
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TJL'T 9 9< commun «*""9 "rth fpcussmg 
neads 42. .mroaucs a suitat>J* men g«. such « 

Z ^! ? ^ b,ank • , m# Cuttift 9 °"" Mon and 
*us inhibit harmful oxidation of the ferrwe metaJ , 
This „ particularly impcrTant (n ^ caj# o( nuc|w 
fuel bundle spacers w h re « i 0w natron aosorpnon 
cross section metal, such as a mgniy reactive ar- 
ccmum alloy. ,s necossanly u oli«d aa me ferrule 

.nri» A,3 H Van,a990U " y ' ** ' nM 9" fl °" assists , 0 
•he n.gn How vacuum system ,n removing curtfnos 
via mandrels 88. «.«iun 9S 

it will be appreciated that the requisite X and Y 
axil macnimng motions, as well as the rotary ma- 
cf.in.ng motions may be imparted to me gnpper >s 
"oer set, «. ,n wn«h case me focussir*%£!J 

SSL"** tmonanf *» 

There has thus been provided an automated 
machining apparatus by whicn the indicated obiec- to 
oves. including those made apparent from the pre- 
ceding detailed description, ire •ffioentfy attained 
Since certain changes may be made in the die- 
closed embodiment without departing from the 
scope of the invention, it is intended that the mat- „ 
ten of detail disclosed hen*, be taken as illustra- 
tive and not in a limiting sense. 



Claims 

ttoLTZT ** maeWrt0g ^ cut. in the 
sidewails of a succession of tubular parts, sm 
apparatus comprising, .n combination: 

A. a laser including a focussing heed tor * 
airectmg a cutting beam at a machining *t* 

8. a rotary positioner for hotting a part in « 
predeterm.ned machining position at said macftm- 
ing site; 

0. a first motor for rotaang said posiooner 

• P« hew Hereby Birough a programmed 
Janes of angular motions about the part axis: 

S. a second motor for producing a pro- «a 
9«~ned ""wot reiadve motions between 

n the part ans: and 

* * mo « or «* Producing a programmed 
sanea of reiaova motions between said cutting so 
"™ ' and tn. pan aiong , ncom «i, normal 

the part axis: 

G. whereby upon controlled activations of 
said motors, said cutting beam is scanned over the 
surtaca .of the cart sioewail in programmed oattema » 
to mscnme predetermined feature cuts therein 

2. Th, aoparatus aefined in Claim i. wherein 
said rotary positioner deludes an arbor rotatably 



onvan by ,a,d first motor, a „, 0 f angu.ar.y soaceo 

opening said gnpper fingers to accent air* „ 1 
"cc.sav.iy deiiv^ J^VS SsZ 

pmg wm ptft V£ 

each part , n said machining position. 

3. The aooaratus defined in Claim 2 „n.eh 

"acted position, and wherein sacn 0 art f M h. ., - 
mean. * said 5 n PM , C »t mcl * 
'"to •ngagement w,m ,«d stop ,„ Lo",^' 
position to establish the part in JZT 
position. fl macn.mng 

4. The apparatus denned in Claim 3 «n ien 
^communicate « m uid vacuum exhaust 

5. Th# icpev.tu* dafinM in Claim i. »* 9r9in 

T^Tll^^ * 01if 0# **** ^ 
«Jr dirMfng twm cuttng bMma at a cmt ot WC a- 

^ * W ^ rotary position- 
*Vf **** * P« d«Hv#r«d tnarato by said 
*£~y in Pr^ttrmmad machininy posi- 

ttona at aacft sart macnining sit,, said fim motor 
Wtngaa* poaMonm and ttw p^ta r MD#C tiv jy 
w« tfwraby in syrrctvoniam mrough said oro- 
1 grammad mhm of angular motions *oout ma re- 
wcttva part axta. said s*»cond motor proauang a 
common programmad sanat of r^tiva motions 
o«tvi^an said twin cutting oaams and ma oarts at 
ootft said macftrning sit»9 along said first axis, and 
sacond motor producing a common crc- 
o/wnmad sahaa of r^atrva motions between me 
said twin cutting baams and tna parts at oom said 
macfttnmg sita aiong said sacond a»s. *narto y 
**** ^ cwtWQ baama rasoactrveiy scan tna 5ur- 
f**9 of tna part fide waila in duplicated pro- 
gramma* pasama to machina tdanticai predatar- 
mimad *ature cuts in tna sidawaJis of bom parts. 

8. The apparatua <3eftn«d in CUim 5. where.n 
said rotary positioners eacn include an aroor com- 
monty rotatatty dnvan by said first motor, a set zt 
•nguiany spaced gnpper fingers mounted oy *acn 
said aroor, and means for opening said grocer 
fingers of eacft said sat to resoectivety 3C =eot 
parts aeHvered tnereto m successive pairs by sua 
daiivanng means and dosing said gnpper ringers 
«nto gnpping engagement *im tna part cencner es 
to hoia eacn pan m said maenming oosmons. 

7- The apparatus defined in Cairn 5. *n, c ? 
^rmer indudas a stop mounted for reccrocat.'cr 
between an extended reference cosmcn anc a 
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delivering mm to said orifwTs^. y ,aid 
into maI^I* ^ ,,a ^oves 

engagement with said stop in said reference 
position to establish tha ««— - "7 reweflC » 
position,. »» «*» *■* machining 

* ^ defined in Claim 7. which 

further .nciudes « vacuum exhaust means and a 
pair of manor,,, mounted oy »id «op£ £ I 
rocaton «W out of the pan bore, and ^ 
nec»d in ffuid flow communication Z SZ. 
urn exhaust m,„,. aacrl Jljd miftdrt) 
"take ooen,»g through which cutting, are w£u£ 
w from the machining site*. 

and L Th l* PM, * ,U • a,fln#d Claim, *4 

part coa»ally through said arbors to said ortpper 
finger set or set, (a, the case may be). 

ci«m. whenwi said second and Mr* rnctonTpro- 
programmed motion, of the or each said 

^ -ong said flm and ^aS 
relative to the parta. — «™ «•» 

for mm, the machining M JTl^T 

c Uim whS f^L^ h «" 

c*m. which further •netude, mean, at the or each 

ZL^ST? 

<*°Vm of the machJnmg of the feature cuahZ 
part sidewalk, — » sw, n me 

waim adapted for machining feafire cuts m hmJ 
•J. uflO»d in r^S^'Sc^ 
fe^ cut, irwudb^ a C^h^ cutonok^ 
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FIG. 6 




FIG. 8 



